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Supplementary Figure S1 . Overview of the mechanism of split intein-mediated peptide circularization method (SICLOPPS). [1] Int N and Int C correspond to the N-domain and C-domain respectively, of Synechocystis sp. PCC6803 DnaE split intein. [2] The green segment corresponds to a variable peptide sequence. The Int N +1 cysteine and Int C +1 cysteine (or serine) are indicated.
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Supplementary Figure S2 . Representative MS/MS spectrum corresponding to the macrocyclic peptide obtained from construct 12mer-Z6C (see Table 1 in main text). Assignment of the a and b fragments is indicated.
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Supplementary Figure S3 . Chemical structure, extracted-ion chromatogram, and MS/MS spectrum of the linear peptide obtained from construct 12mer-Z1C. * Unrelated multicharged ions from spliced GyrA intein.
Supplementary Figure S4 . Chemical structure, extracted-ion chromatogram, and MS/MS spectrum of the macrocyclic peptide obtained from construct 12mer-Z2C.
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Supplementary Figure S18 . Deconvoluted LC-MS mass spectra of proteins isolated from the cell lysate using Ni-NTA beads: (a) Strep1-Z5C construct, (b) Strep2-Z7C construct; and using chitin beads: (c) cStrep3(C)-Z3C construct, (d) cStrep3(S)-Z3C construct.
Experimental procedures
Reagents and analytical methods. Chemical reagents and solvents were purchased from SigmaAldrich, Acros Organics and Chem-Impex. Silica gel chromatography was carried out using AMD Silica Gel 60 (230-400 mesh). Streptavidin-binding agarose beads were purchased from Pierce and chitin beads were obtained from BioLabs. 1 H and 13 C NMR spectra were recorded on the Bruker Avance spectrometers (400 and 125 MHz, respectively) using solvent peaks as reference. The NMR data are reported as chemical shifts (δ ppm). LC-MS analyses were performed on Thermo Scientific LTQ Velos ESI/ion-trap mass spectrometer coupled to an Accela U-HPLC. Peptides and proteins were analyzed using Thermo Scientific HyPurity C4 column (particle size 5µm, 100 x 2.1 mm) and a linear gradient 5% to 95% ACN (with 0.1% formic acid) in water (with 0.1% formic acid) over 13 min. MALDI-TOF spectra were acquired on the Bruker Autoflex III spectrometer using α−cyano-4-hydroxycinnamic acid and sinapinic acid as matrix for peptides and proteins, respectively.
Cloning and plasmid construction. Oligonucleotides were purchased from Integrated DNA Technologies and their sequences are provided in Supplementary Table S1 . Genes encoding 12mer-Z1C, 12mer-Z2C, and 12mer-Z3C were prepared by PCR using forward primers 12mer-Z1C_for, 12mer-Z2C_for, and 12mer-Z3C_for, respectively, T7_term as reverse primer. For these constructs, the template was pMG-G8T, [3] a pET22b(+) (Novagen) derived plasmid encoding for MG(amber stop)TGSAEYGT peptide, followed by Mxe GyrA(N198A) and a His tag. PCR products (0.75 Kbp) were digested with Nde I and Xho I and cloned into pMG-G8T plasmid to produce p12mer-Z1C, p12mer-Z2C, and p12mer-Z3C. Genes encoding 12mer-Z4C, 12mer-Z5C, 12mer-Z6C, 12mer-Z8C were prepared by PCR using forward primers 12mer-Z4C_for, 12mer-Z5C_for, 12mer-Z6C_for, 12mer-Z8C_for, respectively, T7_term as reverse primer, and template pMG-G8T. The PCR products (0.75 Kbp) were digested with BamH I and Xho I and cloned into the pMG-G8T vector to produce p12mer-Z4C, p12mer-Z5C, p12mer-Z6C, p12mer-Z8C. The gene encoding 14mer-Z10C was prepared by PCR using p12mer-Z8C as template, MG10_for as the forward primer, and T7_term as the reverse primer. The PCR product (0.6 Kbp) was digested with BamH I and Xho I and cloned into pMG-G8T to provide p14mer-Z10C vector. The gene encoding 16merZ12C was prepared through consecutive PCR amplifications using 16merZ12C_1/2_for and 16merZ12C_2/2_for as forward primers, S15 respectively, and T7_term as the reverse primer. The PCR product (0.6 Kbp) was digested with
BamH I and Xho I into pMG-G8T to provide p16mer-Z12C. Genes encoding 10mer-C4Z, 10mer-C6Z, 10mer-C8Z were prepared by PCR using pMG-G8T as template, 10mer-C4Z_for, 10mer-C6Z_for, 10mer-C8Z_for, respectively, as the forward primers, and T7_term as the reverse primer. The PCR products (0.6 Kbp) were digested with Nde I and Xho I into pMG-G8T
to provide p10mer-C4Z, p10mer-C6Z, and p10mer-C8Z, respectively.
Genes encoding for Strep1-Z5C and Strep2-Z7C were prepared by PCR using pMG-G8T
as template, Strep1-Z5C_for and Strep2-Z7C_for, respectively, as forward primers, and T7_term as reverse primer. The PCR products (0.6 Kbp) were digested with Nde I and Xho I into pMG-G8T to provide pStrep1-Z5C and pStrep2-Z7C, respectively. In all vectors the genes encoding for the biosynthetic precursor are under the control of an IPTG-inducible T7 promoter. The genes encoding the N-terminal and C-terminal DnaE inteins from Synechocystis sp. were extracted from pSFBAD09 and pJJDuet30 plasmids [4] (Addgene #11963 and #11962),
respectively. DnaE-Int N was amplified using primers SICLOPPS_for as forward primers and 
RS) from Methanococcus jannaschii for amber codon suppression with O-propargyl-tyrosine
(OpgY) [5] was kindly provided by the Schultz group. Compared to wild-type MjTyr-RS, OpgY-RS contains the amino acid mutations Y32A, E107P, D158A, L162A. As described above, a pEVOL-based vector for the expression of O2beY-RS (pEVOL_O2beY) was prepared by introducing a A32G mutation into each of the synthetase gene. Incorporation of the unnatural amino acid O2beY using OpgY-RS and O2beY-RS synthetases was evaluated as follows. E. coli Cultures were grown for additional 12 hours at 27°C. Cells were harvested by centrifugation at 4,000 rpm for 25 min, resuspended in 50 mM Tris, 300 mM NaCl, 20 mM imidazole buffer (pH 7.5) and lysed by sonication. Upon centrifugation at 13,000 rpm for 30 min, cell lysate was loaded on a Ni-NTA affinity column and the protein of interest was eluted with 50 mM Tris, 150 mM NaCl, 300 mM imidazole buffer (pH 7.5). Fractions containing the protein were combined and concentrated followed by buffer exchange with potassium phosphate buffer (50 mM, 150 mM NaCl, pH 7.5). Protein concentration was determined using the extinction coefficient at 280 nm (ɛ 280 ) calculated based on the protein sequence and aliquots of the protein solutions were frozen and stored at -80°C. Typical expression yields for the O2beY-containing proteins were 40-50 mg/L of culture. The identity of the isolated proteins was confirmed using MALDI-TOF
MS and LC-MS.
Amber stop codon suppression efficiency. Chemically competent BL21(DE3) E. coli cells were transformed with pET22_YFP alone or, alternatively, co-transformed with pEVOL_O2beY plasmid and pET22_YFP(stop). Protein expression was performed in parallel as described above with the exception in the case of wild-type YFP only ampicillin (50 mg/L) and no unnatural amino acid was added to the culture medium. The proteins were purified using Ni-NTA chromatography. Under these conditions, the calculated expression yield for wild-type YFP was 31 mg/L while that for YFP(O2beY) was 26.4 mg/L, indicating that the efficiency of amber stop codon suppression by means of the O2beY-RS synthetase and cognate Mj tRNA is about 85%.
Protein splicing experiments and peptide analysis. The protein constructs corresponding to Entries 1-11 of Table 1 were expressed and isolated by Ni-affinity chromatography as described was stirred at room temperature for 18 h after which the reaction mixture was filtered, diluted with 60 mL of water, acidified with acetic acid to pH 4 and extracted with 2 x 100 mL of EtOAc.
Organic layers were combined and dried over sodium sulfate. The solvent was removed under reduced pressure yielding yellow oil as crude product which was purified by flash column chromatography using 10:9:1 hexane:EtOAc:HOAc acid as solvent system. Fractions of interest were combined and solvent removed under reduced pressure yielding off-white powder as product 2 (2.3 g, 84% 
